Croup remains the commonest reason for acute upper airway obstruction in children, yet there are scarce contemporary data of airway management in those requiring intubation. We performed a retrospective analysis of the intensive care management of children intubated for croup in two quaternary paediatric intensive care units: Royal Children's Hospital Melbourne, Australia, and Alberta Children's Hospital, Calgary, Canada. Patients intubated for less than three days were compared with those intubated for greater than three days. Patients less than 10 kg body weight were compared to those greater than 10 kg. Demographic, clinical and microbiological data were recorded. Seventy-seven cases of croup requiring intubation were identified. The median duration of intubation was 60 hours. Parainfluenza was the most common viral aetiology, detected in 30% of cases. Antibiotics were prescribed in 51% of patients. Corticosteroids were prescribed pre-intubation in two-thirds of patients and all post-intubation, with the median dose being prednisolone 3 mg/kg/day. Primary extubation failure occurred in 6.5% of patients. Neither the duration of intubation nor patient size were associated with extubation failure. An air leak test was performed in 69% of patients and poorly predicted extubation success. One non-urgent tracheostomy was performed and there was one death from hypoxic ischaemic encephalopathy. Endotracheal tube leak is poorly recorded and may not predict successful extubation.
Croup, or laryngotracheobronchitis, is characterised by acute onset of barking cough and stridor in the context of an upper respiratory tract infection 1 . It remains a common respiratory illness and the cause of acute airway obstruction in children 2 . The mainstay of therapy is corticosteroids and nebulised adrenaline 3 in order to reduce the airway narrowing and prevent endotracheal intubation. If these measures fail, definitive airway management is required for impending airway obstruction.
Since the early 1990s, the widespread use of corticosteroids emerging first from a study in intubated 4 and later nonintubated children 5 , supported by multiple subsequent studies and a systematic review 6 , has seen a reduction in the severity and morbidity associated with croup 7 . As such, the need for airway intervention in the management of croup appears to be diminishing 8, 9 . A recent survey of emergency department (ED) physicians in Australia and New Zealand highlights almost universal prescription of corticosteroids for moderate and severe croup 10 , giving some insight into current outpatient and ED management. Yet for children admitted to intensive care, particularly in more recent times, management of croup is not well described.
A series of over 200 intubated patients in the 1980s showed that 13% required tracheostomies 11 . In 1992, a randomised controlled trial of prednisolone versus placebo in 70 intubated children with croup showed a reduction in reintubation rates and duration of intubation with prednisolone 5 . In this study, extubation was designed to occur when an endotracheal tube (ET) leak was present. Yet 13 children who had received steroids accidentally extubated without a leak within 72 hours of intubation and none were reintubated. This finding has led to significant practice change in some paediatric intensive care units with earlier extubation, even without a demonstrable ET leak in patients with croup.
Predicting the readiness for extubation in croup is inexact. Air leak around an ET has been used as a marker of readiness for extubation. However, it may be dependent on multiple factors such as size of the ET, geometry of the airway, pressure applied when testing and the patient's voluntary control of the airway. It is a reassuring but an unreliable sign of readiness for extubation in croup 12, 13 .
There have been few studies in recent times describing the management of children intubated for croup. As such we aimed to describe the contemporary intensive care management of children intubated for croup from two quaternary paediatric intensive care units. Additionally, we aimed to evaluate whether patient size or duration of intubation predicted first successful extubation.
Materials and methods
This retrospective study identified all children with an admission diagnosis of croup to the emergency departments, inpatient units and intensive care unit between January 2005 and January 2012 at the Royal Children's Hospital (RCH), Melbourne, Australia, and between January 2008 and January 2013 at the Alberta Children's Hospital (ACH), Calgary, Canada. These time periods were defined by the confidence in data accuracy and medical record availability.
Data were extracted from the intensive care unit's database (RCH) and the medical record (RCH and ACH). The following data were recorded for each intubated patient; age, weight, duration of intubation, steroid use, use of sedative agents and antimicrobial therapy, ET internal diameter, presence of an associated airway anomaly, presence of pre-extubation ET leak and success or failure of primary extubation.
Selection of ET size in children with croup has traditionally been 0.5 mm less than that predicted by the widely employed formula, age/4 plus 4 (in millimetres). Correct ET size was defined as equal to or less than 0.5 mm of internal diameter less than the ET size predicted by the formula age/4 plus 4 (in millimetres) for those over two years of age. A table defining correct ET sizing for age is contained in Appendix 1 and is based on recognised criteria 14 . An ET leak was defined as an audible escape of air from around the ET at <30 cmH 2 0 during inflation of the lungs by a T-piece bagging unit with an inline manometer.
Comparisons were made between children intubated for ≤3 days and >3 days, and for children ≤10 kg and >10 kg. There were no uniform sedation weaning algorithms nor standard criteria to define extubation readiness. Duration of intubation was defined as the total time an ET remained in situ, including time mechanically ventilated and time with spontaneous respiration (no positive pressure ventilation). Duration of mechanical ventilation was defined as the total time of any positive pressure ventilation.
Ethics
Approval to conduct the study was provided by the respective human research and ethics committees. (RCH approval number 32090A, ACH approval number E-24683).
Statistical analysis
Statistical analysis was performed using GraphPad Software (www.graphpad.com). Simple descriptive statistics were used to analyse the data including absolute values and percentages. Data are also presented as median for nonnormally distributed data. Where determined, a P value of less than 0.05 was considered statistically significant.
Results
Between January 2005 and January 2012 there were 185 admissions to the intensive care unit for croup at RCH. This represents 8.5% of hospital admissions for croup and 1.7% of all ED presentations. From January 2008 to January 2013 there were 53 admissions to the intensive care unit at ACH for croup. This represents 17.7% of hospital admissions for croup and 0.6% of ED presentations. For those admitted to the intensive care unit in each institution, 65/185 (35%) children at RCH and 12/53 (23%) at ACH were intubated. We analysed the data from these 77 patients. The low number of cases at ACH over this time period precluded comparison between units. The patient flow at RCH and ACH is described in Table 1 .
At RCH, the median total time of intubation and mechanical ventilation was 56.3 hours and 15.75 hours respectively. The median age and weight were 493 days and 11 kg. Elongated uncuffed ETs have frequently been used to intubate children with croup. However, their use was poorly recorded precluding analysis.
In the entire group viral aetiology was identified in 41/77 patients, of which Parainfluenza was most common, being identified in 23/77 (30%) of patients. Bacteria were isolated from endotracheal secretions in 23/77 (30%) patients, of which Staphylococcus aureus was most common (10/77[13%]). Antibiotics were prescribed in 39/77 (51%) ( Table 2) .
Of the RCH cases, intubations were performed in referral hospitals or by the emergency transfer services in 31/65 (48%) cases, 27/65 (41%) in the intensive care unit and on 5/65 occasions (8%) in the operating room of the RCH. The remainder were performed in the emergency department. At ACH, 10/12 (83%) cases were intubated in the operating room at the ACH, one was intubated in the referring hospital and one by a transport physician.
Pre-intubation corticosteroids were administered in 42/65 (64%) at RCH and in both institutions, all cases received corticosteroids post-intubation. At RCH oral prednisolone was prescribed in 54/65 (83%) cases and oral or intravenous (IV) dexamethasone in 11/65 (17%). Oral prednisolone was prescribed for a median of three days at 3 mg/kg/day and oral or IV dexamethasone for four days at 1 mg/kg/day. At ACH all patients received oral or IV dexamethasone pre-intubation, and it was continued IV until extubation at a dose of 0.6 mg/kg/day.
At both sites assessment of an ET air leak prior to extubation was recorded in 53/77 (69%)-35 patients intubated for less than or equal to three days and in 18 patients intubated for greater than three days. Table 2 displays the data for children intubated ≤3 days and those The airway abnormalities were laryngomalacia(4), tracheal stenosis(1), and subglottic stenosis(2). 2 Most common sedatives/analgesics used were chloral hydrate, morphine and midazolam. 3 Dexamethasone or prednisolone was used intravenously or orally. 4 One death was from hypoxia that occurred prior to definitive airway management. 5 The one case of GBS occurred in conjuction with S. aureus.
>3 days. When recorded, an air leak was identified in 27/35 (77%) for those intubated for ≤3 days. Those intubated for >3 days had a recorded air leak in 10/18 (56%). The leak test was not recorded in 24/77 (31%) of cases at the time of extubation. Table 3 compares patients by body weight; ≤10 kg and >10 kg. The presence or absence of an ET air leak was recorded in 28/46 (61%) of those >10 kg and 25/31 (81%) of those ≤10 kg. Antibiotics were prescribed equally in both groups (25/46 [54%] vs 14/31 [45%]) despite a smaller proportion of both groups isolating a bacteria from the respiratory tract. Over half in each group required more than one sedative agent and all were administered postintubation steroids.
In the total cohort, five children, all at RCH, failed extubation on the first occasion. All but one had preintubation steroids and all were administered postintubation steroids. Leak was present in one case, absent in one case pre-extubation and was not assessed in three cases. The median duration of primary intubation of those who failed extubation was 65 hours. These patients were mechanically ventilated for a median duration of 27 hours. Four were intubated by the emergency transport service or referring hospital clinicians, three with an appropriately sized ET. Accidental ET dislodgement occurred in one case. Two had concomitant lower respiratory tract infection and two had evidence of subglottic injury. One required tracheostomy post ICU discharge for persistent glottic adhesions and was decannulated five months later. Median total intubation and ventilation time for those who failed primary extubation were 161 hours and 47 hours respectively.
There was one death recorded relating to hypoxic ischaemic encephalopathy secondary to cardiac arrest preceding establishment of an airway.
No emergency airway procedures were performed for management of acute airway obstruction.
Discussion
This retrospective study demonstrates that in the modern era admissions to intensive care for croup represent a small fraction of those presenting to hospital and that approximately a third of those admitted to intensive care are intubated. This is consistent with trends across the Australian and New Zealand Intensive Care Network (Jan Alexander: ANZPIC registry-personal communication). In those requiring intubation, the risk of extubation failure is low and appears to be independent of duration of initial intubation and patient weight.
The extubation failure rate in our study (6.5%) is similar to contemporary extubation failure rates across a general PICU population 15 . Describing croup in an era preceding widespread corticosteroid use, a 1983 review of 28 patients and 36 extubation attempts found that 88% with leak and 58% without leak were successfully extubated 12 . Similarly, in a 1993 retrospective analysis of 208 children intubated for croup, 16% failed extubation, of which only 8/28 had no leak prior to extubation 16 . Clinical features unrelated to the airway such as genetic abnormalities, age <24 months or chronic neurological or respiratory disease have previously been observed to be predictors of extubation failure in paediatric intensive care 15 . This study suggests that extubation failure is uncommon when performed early, within 48-72 hours of initial intubation. When comparing those intubated less than or beyond three days and less than or greater than 10 kg we were unable to show a difference in extubation failure.
In this cohort, assessment of an ET air leak at the time of extubation is inconsistently done and/or poorly recorded and a poor predictor of successful extubation. In almost all cases where a leak was absent, the first extubation was successful. This result is in keeping with other studies of cardiac surgical patients 17 and a contemporary general paediatric intensive care population where the leak test was found to have a negative predictive value of 18% 18 . Specifically in croup, the leak test has long been demonstrated as a poor predictor of successful extubation 19 . The inter-observer variability of the leak test, even during muscle relaxation with auscultation over the larynx, in children with normal airways and consistent gas flow 20 is wide and adds to the weakness of this test. Prospective observational trials of extubation based on ET leak may be useful to determine the utility of this criteria. In this context stringent criteria for conducting this test can be defined.
The high rate of positive bacterial ET aspirate cultures and the high rate of administration of antibiotics is notable. It raises the likelihood that viral croup and bacterial tracheitis represent a spectrum of infection of the proximal airway. Croup is largely separated from bacterial tracheitis and epiglottitis by clinical presentation-specifically the 'toxicity' of the patient, findings at laryngoscopy, as well as temperature and immature blood leukocytes 9, 21 . In this study, approximately 50% of patients were administered antibiotics. Although difficult to extrapolate from these data, this may suggest either bacterial superinfection of the upper airway, colonisation or concomitant lower respiratory tract infection. This is important as of those who failed extubation the majority had a concomitant lower respiratory infection recorded in the medical record. Bacterial contamination of specimens or incorrectly acquired specimens can also confound these findings.
Intubating children with upper airway obstruction is fraught with difficulty-particularly for those not experienced in paediatric airway management. Intubation outside of the referral hospitals occurred in around 48% of cases in this study. The resources of hospitals with infrequent exposure to upper airway obstruction in children is therefore critical. Adverse events in a general paediatric population intubated at referring hospitals have been reported at 19% in a US study with endobronchial intubation the commonest event 22 . In addition, particular attention needs to be given to securing the ET for air or road transport to prevent dislodgement and ensure ventilation. However, irrespective of location and paediatric airway expertise, airway complications are likely to be higher in the context of the added difficulty and nuance of upper airway obstruction. A structured multidisciplinary approach involving emergency physicians, paediatricians, anaesthetists and transport services is likely to be the optimal approach for regional settings that intubate children with croup and prepare them for transport.
In this cohort of 77 children one child had a tracheostomy performed for complications arising from croup. In comparison to an epoch between 1979-1988, 27 out of 208 (13%) had tracheostomies performed most commonly for subglottic narrowing or trauma 16 . The predictors of airway injury are likely to include inappropriate ET size, inappropriate cuff management, and multiple instrumentations of the airway but may also include the severity of the disease process. Importantly the risk is low despite it being a significant morbidity.
The strength of this study is that it is the largest review of intubated croup patients since 1992. We aimed to describe the epidemiology and determine the rate of extubation failure in two paediatric intensive care units. The main limitations of this descriptive paper are its retrospective nature and the relatively small number of patients. In addition, it is unlikely that a uniform approach to measuring air leak occurs and the method of all microbiological specimen collection was not recorded. The overlap between lower respiratory tract infections, bacterial tracheitis and isolated croup could not be accurately determined. Identification of bacterial isolates may indicate lower respiratory infections, localised infection, or colonisation. The subjective nature of decision-making for intubation and extubation, while implicit, make interpretation of these data difficult. In The airway abnormalities were laryngomalacia(4), tracheal stenosis(1) and subglottic stenosis(2). 2 Most common sedatives/analgesics used were chloral hydrate, morphine and midazolam. 3 Dexamethasone or prednisolone was used intravenously or orally. ET = endotracheal tube. addition, the number of patients where ET air leak was not recorded also limits the interpretation of these data.
Conclusion
Endotracheal intubation is an uncommon event in croup and is often performed outside specialist referral centres. When intubation is performed, extubation failure is not predicted by patient size or duration of intubation. The leak test is poorly recorded and may be a poor predictive factor of extubation failure. Extubation failure is uncommon but leads to considerably longer respiratory support. Tracheostomy is rare and is used in the context of subglottic injury rather than the acute securing of the airway.
